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Abstract
In this paper, we extend the model of Gao and Su (2016) and consider an omnichannel strategy in which inventory can be replenished
when a retailer sells only in physical stores. With “buy-online-and-pick-up-in-store” (BOPS) having been introduced, consumers
can choose to buy directly online, buy from a retailer using BOPS, or go directly to a store to make purchases without using BOPS.
The retailer is able to select the inventory level to maximize the probability of inventory availability at the store. Furthermore, the
retailer can incur an additional cost to reduce the BOPS ordering lead time, which results in a lowered hassle cost for consumers
who use BOPS. In conclusion, we found that there are two types of equilibrium: that in which all consumers go directly to the store
without using BOPS and that in which all consumers use BOPS.
Keywords: omnichannel, retailing, consumer behavior
1. Introduction
As the use of the Internet has expanded in recent years, sales
options called “omnichannels” have attracted more attention.
Omnichannels integrate existing channels (online and brick-
and-mortar stores), create seamless links between those chan-
nels, and provide consumers with information on goods and in-
ventory availability. They are intended to promote purchases
and expand retailer market coverage.
One omnichannel method is “buy-online-and-pick-up-in-
store” (BOPS). BOPS is a fulfillment initiative that enables con-
sumers to order goods online and pick them up at the nearest
store. By using BOPS, consumers can eliminate shipping costs
and waiting times. Also with BOPS, retailers can induce con-
sumers to make additional in-store purchases when they come
to stores to pick up items, thereby increasing sales. For exam-
ple, the Japanese convenience store chain Seven-Eleven Japan
developed an omnichannel service Omni 7 that offers BOPS to
consumers. As of July 2019, consumers who choose this option
can avoid shipping fees.
Gao and Su (2016) focused on the BOPS information effect
and showed that attracting consumers to stores in a rational
expectations (RE) equilibrium is optimal. In their view, con-
sumers using BOPS have full access to product availability in-
formation, and they know that immediate replenishment of in-
ventory is not possible when products are unavailable at stores.
They maintained that “a useful by-product of BOPS is inven-
tory availability information” (Gao and Su, 2016). Moreover,
they showed that BOPS may not be profitable for all products,
particularly for those that sell well in stores. However, their
model is not appropriate for cases in which stores can imme-
diately replenish items that can be ordered through BOPS. In
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this case, BOPS would not provide online information to con-
sumers about inventory availability. This strategy has different
implications for retailers.
In this paper, we extend the model of Gao and Su (2016) and
consider an omnichannel strategy in which retailers can replen-
ish inventory when they only sell items in physical stores. Our
research objective is to establish an alternative stylized model
for BOPS in omnichannel retailing that is more realistic. No-
tably, we aim to develop the model to reflect the convenience
store industry with an omnichannel initiative and clarify con-
sumer behaviors. In this research, we use analytic models to in-
vestigate the hassle costs of consumers using different channels.
The significance of this paper is to demonstrate, in one model,
the causality between consumer behaviors, hassle costs, deliv-
ery costs, and optimal omnichannel strategies. In the model, we
examine three kinds of consumer behaviors: purchasing items
directly online; purchasing from a retailer using BOPS; and vis-
iting a store in person to make purchases without using BOPS.
A retailer can select a level of store inventory at which con-
sumers anticipate that inventory will be available. However,
in this case, BOPS would not provide complete information to
consumers about inventory levels since immediate replenish-
ment is possible. This is an essential contrast to Gao and Su
(2016). Furthermore, the retailer can incur an additional cost to
reduce the lead time for BOPS ordering, which results in a low-
ered hassle cost (i.e., waiting time) for consumers using BOPS.
In conclusion, we found that there are two types of equilibrium:
that in which all consumers go directly to a store to purchase
items without using BOPS and that in which all consumers use
BOPS to purchase items.
BOPS is closely related to other topics in omnichannel
research: inventory management, information effects, cross-
selling, product returns, and others. Bell et al. (2014) is one
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example of an excellent survey within omnichannel studies1.
They adopted “a customer-focused perspective” for an om-
nichannel strategy, asking two simple questions: (1) How will
customers get the information they need to facilitate their pur-
chase decisions? and (2) How will transactions be fulfilled? To
address these questions, they used a matrix with four quadrants:
offline-information and pickup, online-information and pickup,
offline-information and delivery, and online-information and
delivery. These correspond to traditional retail, showroom-
ing, BOPS, and (pure) e-commerce, respectively. Focusing
on fulfillment, they enumerated the advantages and disadvan-
tages of the in-store pickup and delivery options—a significant
theme of this paper. When orders are fulfilled in stores, vast
on-site inventories may need to be maintained, meaning that
BOPS may be associated with inventory management prob-
lems. Consumers thus anticipate current inventory levels at
stores to determine whether to visit the store to purchase par-
ticular products. Su and Zhang (2009) studied two types of
retailer strategies—commitment and availability—to improve
profit. In other words, for the retailer, a challenge of BOPS is
knowing how much information to share with consumers about
current inventory levels. Allon and Bassamboo (2011) studied
a retail operations model in which the retailer is strategic about
providing information. Meanwhile, one advantage of drawing
consumers to stores is the cross-selling effect, or the possibil-
ity that customers will make additional purchases during the
store visit. In this case, a retailer would have the potential to
realize cross-selling profits by offering BOPS, as consumers
would have to visit the store to pick up their ordered goods.
Li et al. (2005) presented empirical results on the cross-selling
effect, and Gallino and Moreno (2014) examined BOPS impact
on it2. The cross-selling effect is an issue only when a retailer
has physical as well as online stores, since cross-selling op-
portunities arise only when customers purchase items at physi-
cal stores. Some studies, including Gao and Su (2016), have
pointed out that cross-selling opportunities can be profitable
advantages for physical stores as opposed to online ones. In
this model, we consider a retailer who is using an omnichannel
strategy alongside EC venders such as Amazon.com. These re-
tailers are using only a single channel, and thus, we do not have
to consider cross-selling effects. We do not discuss product re-
turn (Ofek et al. (2011)) or drop-shipping (Netessine and Rudi
(2006)) in order to focus on BOPS as the optimal fulfillment
strategy. We also ignore the price-matching problem, assum-
ing price homogeneity between online and in-store channels.
Instead, in this paper, we highlight the hassle costs associated
with consumer choices.
The next section describes the Japanese convenience store as
a typical example of an omnichannel. In Section 3, we formu-
late the model for the BOPS option. In Section 4, we discuss
the results derived from the model. We then demonstrate a nu-
merical example in Section 5, extend the model in Section 6,
discuss policy suggestions in Section 7, and conclude the paper
1 See also Brynjolfsson et al. (2013), Rigby (2011), Rosenblum and Kil-
course (2013) and Hu¨bner et al. (2016).
2See also Netessine et al. (2006)
in Section 8.
2. An Example: Omnichannels in Japanese Convenience
Stores
The omnichannel operated by Japanese convenience stores
is an ideal system for the subject of our research. Let us con-
sider Omni 7,the omnichannel for Seven-Eleven Japan. Omni
7 was introduced in November of 2015 as an omnichannel sys-
tem combining online and physical stores. It allows the con-
sumer to choose between home delivery and in-store pick up of
purchased items3. The system’s greatest strength is that con-
sumers can receive goods at any of the approximately 20,000
Seven-Eleven stores throughout Japan. This is comparable to
the number of post offices (in operation) in Japan, such that,
roughly speaking, anyone in an urban area can easily find a
nearby Seven-Eleven store4. Many consumers who use the om-
nichannel choose to retrieve their goods at a nearby store rather
than waiting for home delivery. In most cases, these consumers
would be able to walk from their homes to the store or stop in
the store on their way home from work to pick up their parcels5.
In our opinion, however, Omni 7 has not been entirely suc-
cessful. In fact, in October of 2016, Seven & I Holdings Co.
(the parent company of Seven-Eleven Japan) recognized sig-
nificant impairments in the e-commerce field. In February of
2018, the number of memberships in Omni 7 was about 7.85
million, and sales through the Omni 7 channel were approxi-
mately 108.7 billion yen—far from the target value of one tril-
lion yen.
Some consumer reviews mention the length of time between
ordering an item and its in-store availability. The most likely
reason for this is that with BOPS, the existing “magazine deliv-
ery system” is used to ship to stores, while in other cases, the
goods are delivered directly to consumers from fulfillment cen-
ters. Convenience stores regularly order magazines, which are
delivered to stores on a fixed schedule. Stores use this delivery
system for goods ordered through BOPS, and delivery usually
takes several days. Using the established delivery system may
reduce costs, but it may also mean that consumers have to wait
for routine deliveries. This latency is wasteful for consumers
compared to the next-day delivery of EC vendors such as Ama-
zon.com.
Consider the following hypothetical numerical example.
Suppose it takes up to seven days to deliver goods to a store
through an existing magazine delivery system if the product is
out of stock at the store. On the other hand, in the case of postal
delivery to a home, the goods are delivered the same day, but the
fee is uniformly 400 yen6. For simplification, suppose that the
3 For details in English, see the following website.
https://siklejapanpoint.work/2019/03/16/20-reduction-in-online-shopping-of-
omni-7-until-3-31/
4 According to each site, the numbers of Seven-Eleven stores and post of-
fices are 20,973 and 23,944, respectively, as of the end of June 2019.
5See Terasaka (1998) and Ishikawa and Nejo (2002).
6As a reference, the shipping rate charged by Amazon.co.jp as of July 2019
is 400 yen for orders worth less than 2,000 yen (except for remote islands).
https://www.amazon.co.jp/gp/help/customer/display.html?ie=UTF8&nodeId=
642982&ref =footer shiprates
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time cost for consumers who are waiting for a home delivery is
equivalent to 100 yen per day. Consumers view a retailer’s site,
confirm that BOPS is available for a product, and know that the
product can be picked up at a nearby store. Then, they predict
how many days it will take for the product to be received by the
store. If consumers expect that BOPS will take more than four
days, they may opt not to use BOPS and instead go directly to
the nearest store to purchase the item. In the case of a store
stockout, they may elect to order the item online and receive
the shipment the same day at a cost of 400 yen. On the other
hand, consumers who live far away from a store may decide to
buy products directly from other internet vendors, as the cost of
traveling to the store may be higher than 400 yen7. Hence, for
consumers to use BOPS, delivery to the store must be within
four days and this may rely on special store deliveries that are
costlier to the store than the existing magazine delivery system.
In this case, the retailers should not offer BOPS and instead in-
duce consumers to visit the store directly to purchase items if
the costs of the special deliveries may exceed the benefits.
3. Model
3.1. Consumers Choices
Consider a retailer who sells goods at a brick-and-mortar
store and other EC venders such as Amazon.com. The re-
tailer then considers introducing a buy-online-and-pick-up-in-
store (BOPS) system. This option would enable consumers to
order products on the website of the retailer and pick them up
at the store. For consumers, the advantage of BOPS would be
that they have the certainty of receiving the good, while they
face the risk of a stockout if they go directly to the store to pur-
chase the item. On the other hand, disadvantages of BOPS for
consumers are that they must incur the cost of traveling to the
designated store and they must wait for the product to arrive at
the store if it is currently out of stock. If this is the case, the
retailer can immediately order more product for the store. This
scenario is contrary to Gao and Su (2016), in which BOPS is
feasible only if the good is in stock at the store. Instead of us-
ing BOPS or going directly to the physical store to purchase the
item, consumers can also buy the same item from another on-
line company that charges a specified delivery fee. We assume
that the price of the good, p, is identical and exogenous for the
two channels.
Consequently, consumers can choose one of the following
options: (1) buy online directly, (2) use BOPS and then go to
the store to pick up the item, or (3) visit the store without using
BOPS. We suppose that the evaluation of the good, v, is iden-
tical for every consumer and that any consumer can buy the
good, with v − p assumed to be positive and sufficiently large
throughout the use of this model.
Here, to distinguish our model from Gao and Su (2016), we
again emphasize that BOPS would not provide any information
7 As a reference, in Japan, taxi fares are around 400–700 yen for the first
two kilometers of a trip.
about the store’s inventory. In the previous study, it was as-
sumed that using BOPS for a product was only feasible when
the product was in stock at the store, but our model does not
make this assumption. Therefore, some consumers may dis-
cover that a good is not currently available at the store, even
after they see (on the retailer’s website) that BOPS is available
for that item. After consumers choose the BOPS option, they
are notified immediately if the item is in stock at the store. Oth-
erwise, they are informed they will need to wait several days
for the item’s arrival. Consumers do not have the option of
cancelling BOPS8. Furthermore, with BOPS, consumers must
incur the cost of traveling to the store. Hence, with BOPS, con-
sumer utility is given by v − p − t − µ, where t is the travel cost
and µ is disutility, or waiting time for the arrival of the good.
The disutility can be converted to a monetary amount, and for
simplicity, we assume it can take two values: µ ∈ {0, µ¯}. It is
zero when there is inventory, and µ¯ ≥ 0 when there is not in-
ventory9. Suppose that consumers have a belief ξˆ that the item
is in stock. Then, the expected utility for a consumer using the
BOPS option is as follows:
ub = v − p − t − (1 − ξˆ)µ¯, (1)
and the utility for the consumer buying directly online is the
following:
uo = v − p − co, (2)
where co is the delivery fee for items purchased online. In this
model, we normalize the disutility (i.e., waiting time) in online
shopping to zero.
Consumers visiting the store without using BOPS would buy
the good at the store if it is in stock. In a stockout, they would
have to choose whether to buy it online or use BOPS. The ex-
pected utility for the consumers in this scenario is as follows:
us = −t + ξˆ(v − p) + (1 − ξˆ) max{uo, u0b}, (3)
where u0o is the conditional expected utility under the condition
of stockout:
u0b = v − p − t − µ¯. (4)
This formulation shows that consumers confirm a good is in
stock and that they must wait with disutility µ¯.
The sequence of consumer actions is as follows: First, con-
sumers see the BOPS option on the retailer’s website. The dis-
tance to a designated store determines the travel cost t; thus,
each consumer knows his or her own value of t. Before us-
ing the BOPS option, consumers receive information about the
maximum waiting time, µ¯. At the same time, they observe
the delivery fee co on the website of an online retailer such as
Amazon.com10. Under the information for triplet (t, co, µ¯), con-
sumers establish the belief ξˆ that an item is in stock at a store,
8 In Omni 7, cancellation is not possible after 30 minutes from the order
confirmation
9 This binomial-variable formulation might seem overly simple. One could
easily extend it to multi- or continuous-variable models.
10 These costs, t, co, and µ¯ correspond to hs, ho, and hb in Gao and Su (2016),
respectively. Notably, one of the contributions of this study is developing the
concept for these cost parameters.
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and they determine whether to use BOPS, not to use BOPS and
go directly to the store to purchase the item, or to buy the item
online directly. Note that with the BOPS option, consumers
receive information about the waiting time, µ, only after they
choose to use BOPS.
Therefore, we arrive at the following proposition11:
Proposition 1. (1) Given ξˆ, consumers proceed with choices in
the following manner: Case I (ξˆ = 1). If 0 ≤ µ¯ ≤ co, consumers
with 0 ≤ t ≤ co use BOPS, and others buy online directly. If
co < µ¯, consumers with 0 ≤ t ≤ co visit the store without using
BOPS, and others buy online directly. Case II (0 < ξˆ < 1). If
0 ≤ µ¯ ≤ co, consumers with 0 ≤ t ≤ co− (1− ξˆ)µ¯ use BOPS, and
others buy online directly. If µ¯ > co, consumers with 0 ≤ t ≤ ξˆco
do not use BOPS and go directly to the store, and others buy
online directly. Case III (ξˆ = 0). If 0 ≤ µ¯ ≤ co, consumers with
0 ≤ t ≤ co − µ¯ use BOPS, and others buy online directly. If
co < µ¯, all consumers buy online directly. (2) If consumers not
using BOPS cannot find a good, they buy it online afterwards.
Figure 1 shows the optimal consumer choices.
Figure 1: Consumers Choice with BOPS
Figure 1(a), (b), and (c) correspond to Case I, II, and III in
Proposition 1. In the figures, “BOP” regions correspond to con-
sumers who use BOPS,“Store” to consumers who go directly to
the store to purchase items without using BOPS, and “Online”
to consumers who buy items directly online.
Proposition 1(1)has two main implications. First, in the re-
gion with µ¯ > co, for any ξˆ and t, BOPS is not useful. Second,
for any ξˆ and µ¯, consumers with t > co buy online directly.
Thus, if the disutility or waiting time for BOPS is sufficiently
large compared to the online delivery fee, then BOPS is not use-
ful, regardless of inventory probability. This implication high-
lights one of the main reasons that some omnichannel initiatives
are not successful12. Next, we find that the retailer can acquire
consumers at most t = co. BOPS is useless for a retailer if the
cost of raising inventory probability, ξˆ, is zero, because the re-
tailer can acquire co consumers by inducing them to the store
without reducing µ¯.
11The proofs for propositions are shown in Appendix.
12 One can find online customer reviews of Omni 7 that complain about hav-
ing to wait too long for the arrival of their goods.
Furthermore, if consumers visit the store to purchase items
without using BOPS, they find uo > u0b. As shown in Proposi-
tion 1(2), if an item is out of stock, consumers buy it online but
do not use BOPS.
To illustrate the number of consumers a retailer can acquire
by offering a BOPS option, in Figure 2, we show the consumer
choices before BOPS was introduced.
Figure 2: Consumers Choice without BOPS
Figure 2 shows that for any µ¯, consumers with 0 ≤ t ≤ ξˆco visit
the store to purchase the item, and others buy it online directly.
Compared to Figure 1, we do not find any new consumers by
introducing BOPS if ξˆ = 1. The retailer can acquire new con-
sumers equivalent to (1 − ξˆ)c2o/2 with 0 < ξˆ < 1 and c2o/2 with
ξˆ = 0. We show without proof that BOPS can attract more new
consumers with a smaller ξˆ, as in the following:
Proposition 2. For 0 ≤ ξˆ ≤ 1, the retailer acquires (1 − ξˆ)c2o/2
new consumers by introducing BOPS.
In other words, BOPS can deter more consumers from online
shopping when their expectation is that a good has a low prob-
ability of being in stock. Even if a good is out of stock, thus
ξˆ = 0, the retailer can successfully induce some consumers to
use BOPS and thereby, visit the store. For these consumers,
the cost of traveling to the store plus the disutility (when using
BOPS) is less than the online delivery fee.
3.2. Optimal Stock Probabilities and Equilibrium
In this section, we have optimal inventory probabilities and
equilibria. For the equilibrium concept in this model, we adopt
rational expectations (RE) equilibrium following Gao and Su
(2016). Roughly speaking, RE equilibrium in this model is
such that any consumer chooses optimal actions based on be-
liefs about inventory levels, consistent with the retailer’s opti-
mal inventory strategies13.
Suppose that consumers are located in space with travel cost
[0,∞) and a density of one, and they each buy one unit of a
good. From Proposition 1, the demand of the good, 0 ≤ ξˆ ≤ 1,
13A rigorous discussion of RE equilibrium can be found in Stokey (1981).
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is as follows14:
D =
co − (1 − ξˆ)µ¯ (0 ≤ µ¯ ≤ co)ξˆco (co < µ¯) (5)
Given the demand, the retailer maximizes profit with respect to
two variables: inventory level q and maximum disutility µ¯. We
let pi(q, µ¯) denote the profit function.
Here, we define RE equilibrium as follows:
Definition 1. RE equilibrium is a set, (q, µ¯, ξˆ), satisfying the
following conditions:
1. Given ξˆ, any consumer behaves as shown in Proposition
1,
2. Given the consumer behaviors in Proposition 1, (q, µ¯) =
argmax(q′,µ¯′)pi(q
′, µ¯′),
3. ξˆ = min{q/D, 1}, where D is defined as in Eq.(5).
We let ξ(q, µ¯) denote the inventory probability that satisfies the
third condition of the above definition as a function of q and µ¯.
The inventory probability function is solved as follows:
ξ(q, µ¯) =

min

−(co − µ¯) +
√
(co − µ¯)2 + 4µ¯q
2µ¯ , 1
 (0 ≤ µ¯ ≤ co)
min
{√
q
co , 1
}
(co < µ¯)
(6)
The profit function can be denoted as follows:
pi(q, µ¯) =
p
{
co − [1 − ξ(q, µ¯)]µ¯} − cq −C(µ¯) (0 ≤ µ¯ ≤ co)
pξ(q, µ¯)co − cq −C(µ¯) (co < µ¯)
(7)
Here, we identify the cost of reducing µ¯, i.e., C(µ¯). Clearly,
C(µ¯1) < C(µ¯2) for any µ¯1, µ¯2 such that µ¯1 > µ¯2. In the following
section, we simply suppose C(µ¯) ≡ k(M − µ¯). Thus, k is the
marginal cost for reducing µ¯ by one unit or one day, and M is a
fixed number. Hereafter, we assume 0 ≤ k < p. If the retailer
does not wish to reduce µ¯ at all, µ¯ must be M, and we assume
M > co. Thus, consumers must incur a disutility greater than
the online delivery cost if the retailer makes no effort.
Finally, we can maximize the retailer’s profit. It is clear from
Proposition 1 and Figure 1 that, for a given µ¯, any consumer
buying from the retailer uses BOPS if 0 ≤ µ¯ ≤ co and vis-
its the store to purchase items without BOPS if co < µ¯ ≤ M.
The following proposition shows the optimal inventory level to
maximize the profit, pi(q, µ¯).
Proposition 3. For µ¯, the retailer’s optimal solutions with re-
spect to q and optimal profits are shown in Table 1.
In this table, the upper and lower parts represent p ≥ 2c and
c < p < 2c, respectively. BOPS I, II, and III correspond to
solutions when consumers use BOPS, and Stores I and II to
14 Contrary to Gao and Su (2016), demand is not a random variable here.
Their model derived the optimal inventory as the inverse function of the distri-
bution of the demand.
solutions when consumers do not use BOPS. In BOPS I, III,
and the Store I regions, there are corner solutions: the optimal
inventory level is q = D in BOPS I and Store I, but in BOPS
III, it is q = 0. When consumers do not use BOPS, q = 0
is not optimal; thus, there does not exist a “Store III (ξ = 0)”
region. Clearly, the retailer cannot sell goods in the store when
the inventory probability is zero. Figure 3 shows the solutions
in space (µ¯, p).
Figure 3: Inventory Solution Regions
Now, we are ready to find the optimal disutility µ¯ in each of
the regions in Figure 3. The following proposition identifies the
optimal solutions of µ¯ in the regions, say, local solutions.
Proposition 4. The optimal solutions of µ¯ are as follows: µ¯ =
co in BOPS I, µ¯ = (c/(p − c))co when p ≥ 2c and µ¯ = co when
c < p < 2c in BOPS II, µ¯ = 0 in BOPS III, and µ¯ = M in Store
I and Store II.
Regions of the local solutions in Proposition 4 are shown in
Figure 4.
Figure 4: Optimal µ¯ in Solution Regions
It should be noted that there is no interior solution for µ¯ in any
region. Furthermore, µ¯ must be 0, co, and M, except for in
BOPS II.
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Finally, we have global solutions of µ¯ as follows:
Proposition 5. When p ≥ 2c, the optimal solution is as fol-
lows: µ¯ = 0 (BOPS III) if k ≤ (co/M)c and µ¯ = M (Store I)
if k > (co/M)c. When c < p < 2c, the optimal solution is as
follows: µ¯ = 0 (BOPS III) if k ≤ (1 − p/4c)pco/M and µ¯ = M
(Store II) if k > (1 − p/4c)pco/M.
In short, we can summarize the optimal µ¯ as 0 or M, and µ¯ = 0
if q = 0.
The equilibrium sets of (q, µ¯) are shown in space (c, k) as
shown in Figure 5.
Figure 5: Equilibrium Regions
In this figure, (q, µ¯) = (0, 0) in BOPS III, (q, µ¯) = (co,M) in
Store I, and (q, µ¯) = ((p/2c)2co,M) in equilibrium.
4. Discussion
The above results have some implications.
First, the model has two types of equilibrium: all consumers
use BOPS and all consumers do not use BOPS. Then, the re-
tailer would offer a BOPS option only when consumers are will-
ing to use it, and the decision depends on two types of costs, c
and k. When k is greater than c, it is not profitable for retailers to
induce consumers to use BOPS by reducing the BOPS waiting
times. In this case, the retailer does not offer the BOPS option
and instead, induces consumers to visit the store, which can-
cels the retailer’s incentive to reduce the BOPS waiting time,
µ¯ = M. On the other hand, the retailer wishes to increase the
inventory probability, ξ, by increasing the inventory level, q.
When k < c, increasing the inventory level does not benefit the
retailer. Then, the retailer sets the inventory probability to zero
and reduces the waiting time to induce the consumers to use
BOPS, µ¯ = 0.
Second, in the Store region equilibrium, there may be an in-
terior or corner solution for q, but in the BOPS region equi-
librium, there is only a corner solution. There is no interior
BOPS equilibrium in this model because of the assumption
about the cost of reducing the BOPS waiting time: We assume
C(µ¯) = k(M − µ¯) and k < p, which results in µ¯ = 0 as the
unique solution. Then, the retailer has to incur the cost, kM,
avoiding the cost, cq, which means q = 0. Note that these re-
sults depend on the cost formulation assumption, and we can
derive other results with interior BOPS solutions when assum-
ing another formulation.
Finally, these results suggest a strong motivation to achieve
a high density of stores so that the retailer can fulfill replenish-
ments at a lower cost. We think this is the motivation for the
“dominant system” established by Seven-Eleven Japan15. In
conclusion, we stress in this discussion that a successful om-
nichannel initiative must be tied to an efficient fulfillment sys-
tem.
5. Numerical Example
We now examine the above results in numerical examples.
Suppose µ¯ = {0, 1, 2, . . . , 6, 7}, co = 4, and M = 7. In other
words, consumers must incur a delivery fee equivalent to four
days of waiting, and they have to wait for seven days if the
retailer does not reduce the BOPS waiting time. The retailer
can reduce the waiting time to zero.
We calculate equilibrium solutions in Store and BOPS re-
gions for four cases, as shown in Figure 6.
Figure 6: Numerical Examples
In the figure, the upper left and upper right diagrams show equi-
librium with corner solutions (Store I) and interior solutions
(Store II) in Store region, respectively. In these cases, k is sig-
nificant for the retailer compared to c, and BOPS is not useful.
Furthermore, when c is significant, the optimal solution for q
cannot be one, which yields the interior solution. In any case,
the BOPS option is not profitable, and the retailer does not offer
it to consumers.
15 According to Ishikawa and Nejo (2002), the dominant system entails “fo-
cusing operations in certain areas which are then crowded with multiple stores”
(p.51).
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The lower diagrams show equilibrium in BOPS region
(BOPS III). In this case, k is not significant compared to c, and
the retailer chooses q = 0. The consumers rationally expect that
the good is out of stock in the store, and they must use BOPS
before visiting the store. In a stockout, the store is merely a
“pickup location” for the item. Consequently, we can interpret
pickup lockers as a solution for the new fulfillment initiative in
the omnichannel era16.
6. A Policy Suggestion
Recently, within the Japanese convenience store industry,
a controversy erupted regarding around-the-clock services,
which was triggered by a dispute between Seven-Eleven Japan
and one of its franchisees. In February of 2019, a franchise
store in Osaka decided to close between 1 and 6 in the morning
because of the labor shortage17.
In their entire history spanning over 40 years, Japanese con-
venience stores—including Seven-Eleven Japan—have offered
24-hour services. However, due to the recent labor shortage in
Japan, it has become challenging to keep stores open at night,
presenting a burden for store owners. Although Seven-Eleven
Japan agreed to shorten operating hours for stores in July of
2019, it seems not to have changed the 24-hour operation pol-
icy overall, according to company officials18.
In the context of this study, the operating hours of conve-
nience stores is a critical issue for BOPS feasibility. Conve-
nience stores in Japan are open all day, while the Japan Post
Office usually only operates from 9 a.m. to 7 p.m. (weekdays),
meaning that BOPS has an advantage over online shopping,
which depends on the postal service. Shortening the operat-
ing hours of convenience stores could significantly impair the
superior position of BOPS or Omni 7, creating a strong motiva-
tion to maintain 24-hour operations and thus, maximize BOPS
convenience.
In the “convenience-store-opening-hours controversy,” it
seems that this point of view is lacking. The 24-hour operat-
ing schedule enables consumers to pick up goods at any store,
anytime. Besides, the logistics of meeting demand on time may
require store operation even at night. We stress that the 24-hour
operations problem should be discussed, considering both the
necessity of securing a workforce for sales and the benefits of
new systems, including omnichannels.
7. A Simple Extension
In this section, consider a simple, dynamic, cross-channel
fulfillment model for a future extension. We do not suppose the
convenience scenario, and each store can replenish the inven-
tories by using other stores, which have extra capacity. Harsha
16 Amazon.com offers Amazon Hub Locker, and Walmart offers Walmart
Pickup Tower.
17 “Japan’s 24-hour convenience stores struggle to keep doors open all night
due to labor crunch,” The Japan Times, February 27, 2019.
18 “Seven-Eleven Japan offers to allow store to end 24-hour operations,” The
Japan Times, July 12, 2019.
et al. (2019) study this kind of model, in which a store’s in-
ventory can be utilized for fulfillment at other stores when the
e-commerce fulfillment center is out of stock. Here, for the
sake of simplicity, let us consider a model in which there are
two stores, 0 and 1. If the good in one store is not sold out in
the previous period, it can be used for BOPS fulfillment in the
other store, which reduces k in the above model.
Every week, each store decides to adopt BOPS III or not.
At the beginning of each week, Store 0 (Store 1) observes the
inventory status of Store 1 (Store 0), and it chooses BOPS III
(µ¯ = 0, q = 0) if the good is in stock, or Store I (µ¯ = M, q = co)
otherwise. Then, the weekly demand of the store that chooses
Store I, D, arises. If D < q, with probability r, the unsold goods
can be used in the other store in the next period. This process
generates a sequence of binomial states for each store.
Table 2 shows the simulation result for 20 weeks of three
probability cases in this scenario. In this table, S and B repre-
sent Store I and BOPS III, respectively. It is not surprising that
BOPS III arises more often at greater r.
This dynamic scenario can be extended to more complex ful-
fillment systems, such as those in Harsha et al. (2019). For
example, we can suppose a model in which each store is ran-
domly located within random distances of one another. In this
case, there arise several levels of k, because the nearest store’s
location is different for each store.
This extension is open to future studies.
8. Conclusion
In this paper, we study BOPS following Gao and Su (2016) to
develop another stylized model. We focus on consumer choices
regarding travel and delivery costs and waiting time, and we
show that there exist two types of equilibrium: using BOPS and
not using BOPS, even without the information effect imposed
on Gao and Su (2016). We restrict the model to one in which a
retailer sells goods only through a physical store. Thus, we did
not have to consider the cross-selling effect.
The above model can be extended by relaxing the assump-
tions in the model. First, one could develop a model in which
the retailer operates both physical and online stores. Selling in
stores has the advantage that consumers might make additional
purchases. The cross-selling effect should be examined in the
two-channel model. Second, we could use the “unit” model,
with one retailer as a multi-channel and dynamic-fulfillment
model, as in Harsha et al. (2019) to depict more realistic om-
nichannel strategies. The cross-channel fulfillment model could
be established, incorporating one channel as in this model. Fi-
nally, price strategies are not addressed in this paper and need
to be considered. The retailer could charge varying prices in
different areas or periods. With additional fulfillment and price
strategies in future studies, we would have richer formulations
to more deeply understand the dynamic realm of omnichannels.
Appendix A. Proof of Proposition 1
Here, we only derive the results in Proposition 1 for Case II
(0 < µ¯ < 1). To determine consumer choices, we compare the
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utilities in the manner of backward induction. In the first stage,
we obtain max{uo, u0b} in Eq.(3) to determine us and compare uo,
ub, and us in the second stage. (1) If t ≥ co− µ¯, uo = max{uo, u0b}
and us = v − p − t − (1 − ξˆ)co. Then, if 0 ≤ µ¯ ≤ co, ub ≥ us, and
vice versa. When 0 ≤ µ¯ ≤ co, ub ≥ uo if 0 ≤ t ≤ co − (1 − ξˆ)µ¯,
and uo > ub otherwise. When µ¯ > co, us ≥ uo if 0 ≤ t ≤ ξˆco,
and uo > us otherwise. (2) If t < co − µ¯, u0b = max{uo, u0b}
and us = v − p − (2 − ξˆ)t − (1 − ξˆ)µ¯. In this case, we just
have to consider ub ≥ us because t cannot be negative. For any
t ∈ [0, co−µ¯], ub cannot be smaller than uo. Finally, we combine
(1) and (2) to obtain Proposition 1, Case II. For Cases I and III,
we can proceed in the same manner. 
Appendix B. Proof of Proposition 3
We only show the BOPS result in Table 1 (i.e., 0 ≤ µ¯ ≤ co).
The inventory probability function is shown in the upper part in
Eq. (6).
First, suppose 0 < ξ < 1. Maximizing pi(q, µ¯) with respect to
q, we obtain the optimal solution, q = [(pµ¯/c)2 − (co − µ¯)2]/4µ¯
and pi = (c/4µ¯){[(p − c)/c]µ¯ + co}2 − C(µ¯). Then, the optimal
inventory probability is ξ = {[(p+c)/c]µ¯−co}/2µ¯. The condition
for 0 < ξ < 1 is [c/(p + c)]co < µ¯ < min{[c/(p − c)]co, co}. If
p ≥ 2c, then co ≥ [c/(p − c)]co, and vice versa. Because ξ = 1
only if µ¯ ≥ [c/(p − c)]co, ξ cannot be one when p < 2c.
Next, note that ξ = 1 only if q ≥ co. Then, the solution is
q = co, and the profit is pi = (p−c)co−C(µ¯) in this case. Finally,
ξ = 0 only if q = 0, and the profit is pi = p(co − µ¯) −C(µ¯). 
Appendix C. Proof of Proposition 4
It is obvious that the optimal solution of µ¯ is M in Stores I
and II. Then, we only examine BOPS regions. In BOPS I, the
profit is pi = (p − c)co − k(M − µ¯), and the optimal µ¯ is co,
because µ¯ cannot be larger than co in this region. In BOPS III,
the profit is pi = p(co − µ¯) − k(M − µ¯). The optimal solution
is µ¯ = 0 because of the assumption, p > k. In BOPS II, there
exists no interior solution for µ¯. This is because the profit pi =
(c/4µ¯){[(p − c)/c]µ¯ + co}2 − C(µ¯) is a convex function of µ¯. In
fact, piµµ = 4c2oc/µ¯
2 > 0. Let pi(µ¯) denote this function. The
domain is [c/(p + c)]co < µ¯ < min{[c/(p − c)]co, co}, and we
can easily show that pi([c/(p − c)]co) > pi([c/(p + c)]co) when
p ≥ 2c and pi(co) > pi([c/(p + c)]co) when p < 2c. 
Appendix D. Proof of Proposition 5
When p ≥ 2c, the optimal profits in Store I, BOPS I, and
BOPS II are pi = (p − c)co, pi = (p − c)co − k(M − co), and
pi = (p − c)co − k{M − [c/(p − c)]co}, respectively. Obviously,
the profit in Store I dominates that of the others. In this case,
the optimal profit in BOPS III is pi = pco − kM. Then, the
profit in BOPS III dominates that of Store I if k ≤ (co/M)c, and
vice versa. Similarly, the profit in BOPS III is the maximum if
k ≤ (1 − p/4c)pco/M, and that of Store I is so otherwise. 
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Table 1: Results of Equilibrium with respect to q
0 ≤ µ¯ ≤ co co < µ¯ ≤ M
BOPS I (ξ = 1):
( c
p−c
)
co ≤ µ¯ ≤ co,
q = co, pi = (p − c)co −C(µ¯) Store I (ξ = 1): p ≥ 2c,
BOPS II (0 < ξ < 1):
( c
p+c
)
co ≤ µ¯ ≤ ( cp−c )co, q = co,
q = 14µ¯
[(
pµ¯
c
)2 − (co − µ¯)2], pi = c4µ¯ [( p−cc ) µ¯ + co]2 −C(µ¯) pi = (p − c)co −C(µ¯)
BOPS III (ξ = 0): 0 ≤ µ¯ < ( cp+c )co,
q = 0, pi = p(co − µ¯) −C(µ¯)
BOPS II (0 < ξ < 1):
( c
p+c
)
co ≤ µ¯ ≤ ( cp−c )co, Store II (0 < ξ < 1): c < p < 2c,
q = 14µ¯
[(
pµ¯
c
)2 − (co − µ¯)2], pi = c4µ¯ [( p−cc ) µ¯ + co]2 −C(µ¯) q = ( p2c )2 co,
BOPS III (ξ = 0): 0 ≤ µ¯ < ( cp+c )co, pi = ( p24c ) co −C(µ¯)
q = 0, pi = p(co − µ¯) −C(µ¯)
Note. Upper side: p ≥ 2c; lower side: c < p < 2c.
Table 2: Results of Simulation
(r = 0.1)
Week 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Store 0 S B B S S S S S S B S S S S S S S S S S
Store 1 S S S S S S S B S S S B S S S S S S S S
(r = 0.3)
Week 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Store 0 S B B S S S S S S B B S S S B S B S B S
Store 1 S S S S S B S B B S S B B S S S B S S S
(r = 0.5)
Week 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Store 0 S B B B B B S S S B B B S S B S B S B S
Store 1 S B S S S B S B B S S B B B B S B S S S
Note. S and B denote Store I and BOPS III, respectively. Both stores adopt Store I in the first week.
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